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Abstract. The statistical association between the capacity for carbon sequestration and planted Pinus roxburghii tree diameter
classes are not recorded in Pakistan. Through the forest inventory approach, a comprehensive study was conducted in planted P,
roxburghii forest in Pakistan’s Swat Hindu Kush area to determine the carbon stock (CS) of a live tree, forest floor and soil (SOC)
and their association with three diameter classes (6-22, 23-40, 41-60 cm). The results specified that stem density had a polynomial
relation with the diameter (R2 =-0.54), while tree height had a linear relationship with the diameter (R2 = 0.73). Association
of tree volume, stem biomass, total tree biomass with basal area against diameter classes were positively linear [(R2 = 0.86, 0.80,
0.80) for DBH (41-60 cm)]. As the diameter increases, grass CS reduced while litter and deadwood CS increased significantly.
Association of diameter classes with (SOC) at various depths was negatively linearly correlated [R2 = -0.99; for DBH (41-60 cm)],
while the topsoil layer (0-20 cm) SOC rose significantly with increase in diameter class. With the increase in tree diameter, the tree
age increased definitively (R2=0.99). An increase in diameter class ultimately increased CS amount, and the trend was as follows:
live tree > soil > forest floor. This study significantly demonstrated the diameter relationship with the tree, forest floor and soil CS
of planted P. roxburghii forest.

Keywords: Pinus roxburghii, afforestation, inventory, biomass carbon, carbon stock (CS), soil bulk density (SBD), SOC, Swat,

Pakistan
Introduction

Global climate change is a burning issue within the scientific community because of accelerating carbon
dioxide concentration in the atmosphere due to various human activities. The rapid social activities and
industrialization increase the carbon contents in the atmosphere, causing global warming and climate change
(Sharma et al., 2011). According to the Intergovernmental Panel on Climate Change report 2018, the Earth’s average
temperature by 1.5 °C until now is considered to accelerate probably to 3 °C increase of the end of this century
(Delmotte et al., 2018).

According to the Kyoto Protocol, the UNFCC acknowledges the forest, a potential tool to palliate and stabilize
the carbon concentration (Ahmad et al., 2014b). Forest restoration is an essential tool that significantly countervails

atmospheric carbon emanations (Laurance, 2007). Unfortunately, due to the forest restoration scheme’s vague
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apprehension, the real latent of forest biomass has been halted (Holl and Zahawi, 2014). Planted forests are essential
mitigation tools for the climate. Many studies have revealed that thick plantations have higher carbon stocks (Bonner
et al., 2013), while some reported that the carbon stocks ratio is higher for naturally regenerated secondary forests
(Chrsquo et al., 2011). However, forest carbon accumulation capacity is higher for thick planted forests than
regenerated forests stand, which also rendered the application of prudish silvicultural management (Baishya et al.,
2009). Forest soil can also be used as a significant sink for storing an immense volume of carbon in the form of soil

organic materials that can help mitigate global climate change (Ullah et al., 2019).

As a core proposition, afforestation enhances the earth’s organic carbon stock by growing plant litter in the soil.
Soil carbon sequestration is a long-term, cost-effective and efficient approach for enhancing soil characteristics and
quality (Li et al., 2013). Tree plantations had an ambivalent role in ecosystem services in the past. Their production
function has functioned the growing demands for wood products efficiently (Bauhus et al., 2010). Many ecological
resources improved where plantations were developed on the deteriorated or former property (Cossalter and Pye-
Smith, 2003).

The capacity of forest plantations to store carbon throughout the Globe is about 3.8% (FAO, 2006), but overall,
this small percentage of storage capacity plays a vital role in mitigating and fight against climate change (Canadell
et al., 2007). Generally, natural forests have more potential for storing biomass than forest plantations per hectare
(Pan et al., 2004). However, natural forests have decreased from 46% to 28% of the Earth’s terrestrial ecosystems
(Winjum and Schroeder, 1997). The measurement of biomass and carbon stock is essential to calculate the forest
carbon potential in the region. The evaluation of biomass and carbon stock needs forest inventory data in sampled
plots of different pools, i.e., aboveground biomass, belowground biomass, soil organic carbon, deadwood carbon
and forest floor (litter/twigs) (Nizami et al., 2009; Sullivan et al., 2017).

Previously, different types of study have been conducted for the estimation of carbon stock in different forest
types of Pakistan (Nizami, 2012; Ahmad and Nizami, 2015; Ahmad et al., 2014a; Amir et al., 2019); most of the
study in Pakistan have been conducted in the natural forests of Pakistan. Some of the reviews regarding forest
carbon in planted Bela forests and irrigated plantation in Punjab province, Pakistan is available (Saeed et al., 2016;
Arif et al., 2017). There is a lack of information to estimate annual carbon sequestration potential in planted Chir
pine forests in Pakistan.

For the first time in Pakistan, this study outlines the carbon stock in respective carbon pools in the planted
Chir pine forests. We hypothesized that the young planted conifer forest and its soil are essential sources to sink and
store the atmosphere’s carbon, just like the natural forest. The main aims of the present study were to determine
the tree biomass and carbon stock and their association with three different diameter classes (6-22, 23-40, 41-60
cm) of planted P. roxburghii forest; to determine the forest cover (grasses, litter and deadwood) carbon stock and
their association with three different diameter classes, to determine the soil carbon stock (SOC) and their association
with three different diameter classes at various depths (0-20, 21-40, 41-60, 61-80 cm); and to find out the association

of tree diameter with tree age.

Materials and methods
Study zone

The current study was carried out in Dureshkhela village of district swat (Latitude and Longitude 34.7933°N
and 72.2889°E, respectively) KPK, Pakistan (Fig. I, Table Al), from April 2017 to May 2017. The elevation
ranges from 914.4 to 1118.6 m. The area receives 1000-1200 mm annual average precipitation, as recorded by Saidu
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Sharif metrological station. The minimum and maximum average temperatures vary from 5 to 38 °C, as evident
from the data recorded in December and June by the meteorological station of Saidu Sharif; mainly area occupied
by the mountain ranges and weather is just like the closest area “Kumrat valley, Hindu Kush Region, Pakistan”
(Ahmad and Nizami, 2015).
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Figure 1. Location of study area of Swat in Northwest Pakistan
Research design and data source

The data was collected through forest inventory (Fig. 2). 18 square-shaped sampling plots (0.1 ha each) were
randomly selected to cover the total area of 262 ha. The data collected from those sampling plots were tree height
(m) using ‘Spiegel relay scope,” DBH (cm) using ‘Vernier caliper,’ latitude and longitude of each plot using ‘GPS
device.’ For investigating soil organic carbon, by following the IPCC guideline, soil samples from the four different
layers of soil (0-20 cm, 21-40 cm, 41-60 cm and 61-80 cm) with a thickness level of 20 cm each were collected
using soil auger. For soil samples analysis for finding the soil organic carbons, the core method was adopted (Gross
and Harrison, 2018), and analysis was carried out in the “Soil Testing and Conservation Lab, Rawalpindi, Pakistan.’

b

For investigating shrub, herb, grasses, deadwood, and litter layer biomass, the subplot or quadrates of 1 m x 1
m were selected, and the data was recorded. Samples for each layer were selected and weighed fresh in the field
with weighing balance and then placed in plastic bags and later dried in the oven at 72 °C for 48 h.
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Figure 2. The layout of the research design
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The tree volume (m?) was determined by using the following formula (Philips, 1994):

Tree volume(m?®) = [[E] X d® xhx f]

(Eq.1)

The stem biomass of identified tree species in the area was calculated from the following formula:

Stem biomass = Volume (m?®) X Basic wood density(kgm™?) (Eq.2)

Overall, tree biomass was determined using the following formulas:

(Eq.3)

BGB (tha™') = AGEB(t ha }) xR

AGB (t ha™') = Stem biomass(t ha™') X BEF

Total tree biomass(t ha™!) = AGB + BGB

(Eq.4)

(Eq.5)

where: AGB = above ground biomass; BGB = below ground biomass; BEF = biomass expansion factor; R =

root to shoot ratio.

The leaves, branches, twig role in overall above-ground biomass was assessed by biomass expansion factor
(BEF) of the corresponding tree species. According to the literature, the BEF value for P. roxburghii used recently
was 1.51 (Amir et al., 2019).

Carbon stocks calculation
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The carbon stock conversion factor (0.5) (Amir et al., 2018) was used to convert total biomass to total carbon

stock. This adaptation aspect has been used extensively around the Globe.

The total carbon stock was determined by using the following formula (Nizami, 2012; Ahmad et al., 2014a):

(Ea4)  Total carbon stock(t € ha™!) = Total Tree Biomass (t ha™') X 0.5

Quantities of understory vegetation biomass: The understory vegetation such as shrubs, herbs, and grasses were
collected from each sample plot. Then the fresh weight of all samples (kg) was documented, and the average weight
was taken and extrapolated to calculate the current weight of the whole plot. The collected samples were dried at
72 °C for 48 h (Roy et al., 2001).

Calculation of soil bulk density (SBD)

Soil bulk density in each age group was determined from the soil sample’s weight and known soil core volume

according to the given Equation.

__ weight of soil zample (g)

Soil Bulk Density(g cm™3)

(Eq.5)

volume zoil core (em?)

Calculation of soil carbon (t C/ha)

The bulk density (g cm-3) of soil samples was measured individually. The oxidizable organic carbon method
(Walkley and Black, 1934) was used to find out soil carbon using the following formula (Pearson et al., 2007):

Soil carbon (t C ha™') = SBD(g cm™%) X 50C (%) X SHT(m) X 100  (Eq.6)

where: SBD = Soil Bulk Density (g/cm?), STH = Soil horizon thickness (m).

For statistical analysis, we used Statistics (8.1 version), Origin (9.0 version), Excel pro professional (2016
version) software; for graphs and figures, Excel pro professional (2016 version) was used. Analysis of variance
(ANOVA) was used to calculate the significant level at (P < 0.05, P < 0.01, P < 0.001) respectively, Tukey HSD
post-hock test was used to indicate the significane for mean biomass and carbon stock values. A regression model
(Linear, Polynomial) was used to illustrate the relationship between different factors for tree biomass and carbon

stock.
Results
Growing stock characteristics

Stand density ranges from 20 to 260 (trees ha'!) in three different diameter classes with the maximum mean
value 166.11 +21.63 (tha!) for diameter class (23-40 cm) and minimum value 33.89 + 5.89 (tree ha'!) for diameter
class (41-60 cm) (Table 1). There was polynomial linear relationship between DBH (cm) and stand density
(tree ha'!) (y=-0.2097x2 + 13.002x — 69.713; R? = 0.54) was observed (Fig. 3). With the increase in diameter (cm)
the tree height (m ha'!) increase positively (y = 0.3763 + 1.9855; R2=0.73) and the maximum mean height
was 33.89£5.89 (m ha'l) for DBH (41- 60 cm). While mean basal area, stand volume and total tree biomass was
also recorded maximum (14.19 £ 3.67 m? ha’!, 16.69 + 4.64 m? ha'! and 16.71 +4.51 t ha!) for DBH

(41-60 cm) (Table 1).

3186



55 )\ MOl 2 RO 2

S51 A s

Table 1. Distribution of stem density, volume, basal area, and mean height in different diameter classes

DBH Mean density Mean height Mean basal area Mean stand volume Mean total tree biomass
(cm) (trees/ha) (m/ha) (m?2/ha) (m3/ha) (t/ha)
6-22 38.89 +7.87 5.54+1.04 1.49 +£0.32 0.79+0.18 0.83 +0.20
23-40 166.11 £21.63 13.49+0.93 7.66 + 1.59 6.70 = 1.28 7.78 + 0.64
41-60 33.89 +5.89 16.65 + 1.56 14.19 + 3.67 16.69 + 4.64 12.76 £ 1.43
300 0
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Figure 3. The relation of diameter (cm) with wood density (trees ha*) and height (m)

Relationship of different tree growth factors with basal area (mZ/ha)

The relation between stem volume, stem biomass, tree carbon stock with the basal area is illustrated in (Fig. 4) for
three different diameter classes (6-22 cm, 23-40 cm, 41-60 cm).

The association of stem volume (m3 ha'!), stem biomass (t ha'') and total stem biomass (t ha™!) with stem basal
area (m? ha'!) were significantly positive for all three diameter classes (6-22 ¢m, 23-40 cm, 41-60 cm). As the basal
area (m? ha!) increases the stem volume (m? ha'!), biomass (t ha'!) and total stem biomass (t ha'!) values also
increase positively. The best result of linear regression for stem volume (m? ha'!) against basal area (m? ha'!) was
obtained (y = 1.8541x — 10.682; R? = 0.86; P = 0.04) for DBH (41-60 cm), while the highest significant value was
observed [F(1, 26) = 8.22, P =0.008 (P < 0.01)] for DBH (6-22 c¢m). For stem biomass (t ha'!) the maximum linear
regression value against basal area (m? ha'') was (y = 1.2404x — 7.8463 R>=0.80; P =0.0008) and the highly
significant value [F(1,30) = 13.90, P =0.0008 (P <0.001)]

were observed for DBH (41-60cm). In case of total tree biomass (t ha!) the best figures of linear regression
against basal area (m? ha'!) was (y = 1.4885x - 9.4155; R?> = 0.80) for DBH (41-60 cm) respectively.
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Figure 4. Relationship between the factors, Volume (m*/ha), Stem Biomass (t/ha), Total Tree Biomass (t/ha) with the
Basal area (m*/ha) for three different diameter classes (6-22 cm, 23- 40 cm, 41-60 cm) at a significant level (P <0.05, <0.01,

<0.001)

Assessment of forest floor and soil carbon stock

One of this study’s main objectives was to evaluate the forest floor carbon stock and soil carbon stock for three

different dia classes.

We observed that stand of small-diameter trees (6-22 cm) has significantly more grasses cover, which
ultimately results in sequestering more carbon (0.1 £+ 0.04 t C ha!) compared to the other two diameter classes
(Table 2). In the case of litter and dead- wood deposits, the quantity of both dead forest floor components was
significantly increased with the increase in diameter; therefore, the significantly highest values of litter and dead-
wood carbon stock [0.19 + 0.06 t C ha! and 0.1 + 0.03 t C ha'!) were observed for diameter class (41-60 cm). So
the three different diameter classes had significant effect on the amount of grasses carbon stock [F(1,4)=
13.67, P=0.02 (P <0.05)], litter carbon stock [F(1,4) =13.62, P=0.02 (P <0.05)] and dead-wood carbon stock
[F(1,4)=13.68, P =0.02 (p < 0.05)] respectively.

Association of soil bulk density (SBD) and soil organic carbon (SOC) with a diameter

Overall Soil Bulk density (SBD) in four different soil depths (0-20 cm, 21-40 cm, 41-60 cm, 61-80 cm) ranges
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(0.99 — 1.16 g/cm?) for all three diameter classes (6-22 cm, 23-40 cm, 41-60 cm). There was significant difference
observed [F=53.47, df=11,P=0.0001 (P <0.001)] for SBD values at four different soil depths with regards

to three different diameter classes (Fig. 5). The SBD in relation with four different soil depths for three
diameter classes represented positive linear relationship (y = 0.0011x + 1.0554; R?
=0.84; P =0.0003) with the highest value (1.16 £ 0.02 g/cm?) [F(1,6) = 14.33,

P =0.009 (P<0.01)] at soil depth (60-80 cm) for

diameter class (41-60 cm). As the soil depth increases the SBD value also increased.

Table 2. Carbon stock of forest floor (grasses, litter and dead wood) and soil (t ha™) in planted P. roxburghii forest at the

level of significance (P < 0.05)

SOC (t C hal)
DBH MGCS MLCS MDwCS Soil depth (cm)
(cm) (t C ha) (t C ha) (t C ha)
0-20 21-40 41 - 60 61 -80

6-22 0.1+0.04™ 0.14 £ 0.04™ 0.04 £0.01* 2.30 +£0.25" 2.10+0.21* 1.93 £0.198™ 1.14 £0.19"
23-40 0.09 +0.03™ 0.16 £ 0.05™ 0.07 £ 0.02™ 2.81+0.28" 2.53+£0.26™ 2.12+£0.24™ 1.53 £0.25™
41 -60 0.06 +0.01™ 0.19 £ 0.06™ 0.1 +0.03* 3.33+£0.36™ 2.78 £0.35™ 2.28 £0.33" 1.65 +0.32"
Sum 0.25+0.05 0.49 + 0.06 0.21 £0.03 8.44 +0.41 7.41 £0.39 6.33 £0.37 432+028

MGCS = Mean grasses carbon stock, MLCS = Mean litter carbon stock, MDwCS = Mean deadwood carbon
stock, SOC = Soil organic carbon stock. ** indicates that according to Tukey (HSD) variables are significant

different for different diameter classes
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Figure 5. Soil Bulk density in three different diameter classes (6-22, 23-40, 41-60 cm) of planted Pinus roxburghii stand at
various depths. The relationship between soil bulk density and soil depth for different diameter classes are illustrated using
linear regression. The different letters (a, b, c) on the bar show significant differences while the same letters on the bar show the

non-significant difference between different diameter classes

Soil organic carbon (SOC) in four different soil depths (0-20 cm, 21-40 cm, 41- 60 cm, 61-80 cm) ranges
(1.14 — 3.33 t C ha'!) for all three diameter classes (6-22 cm, 23-40 cm, 41-60 cm). There was significant
difference observed [F=45.37, df=11,P =0.0001 (P <0.001)] for SOC values at four different soil depths
with regards to three different diameter classes (7able 2; Fig. 6). The SOC in relation with four different soil depths
for three diameter classes represented negative linear relationship [(y =-0.0277x + 3.8936, R>=0.99; P =0.01
(P <0.05)] with the highest value (3.33+0.36 t C ha!) [F(1,6)=13.52, P=0.01 (P <0.05)] at soil depth (0-
20 c¢m) for

diameter class (41-60 cm). We observed that diameter class has significant association with soil carbon stock

at various depth, as the soil depth increases the SOC value decreases.

Soil organic carbon analysis showed that the young diameter class (6-22 cm) stand holds minimum soil carbon,
but as the diameter increase (41-60) with age, soil carbon holding capacity also increased. The results showed an

increasing trend from young diameter class (6-22 cm) to older diameter class (41-60 cm) in soil carbon.
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Figure 6. Relationship of soil organic carbon (SOC) with a soil depth of three different diameter classes (6-22 cm, 23-

40 cm, 41-60 cm) of planted Pinus roxburghii stand at a significant level (P = (0.01)

The research data found that there was a clear association between the diameter and the age of the tree, with

the diameter being directly proportional to the age of the stand. The lower diameter (8.47 £2.21 cm) has age
(6.83 £1.79 years) and height (3.82 + 0.97 m), while the high diameter (51.56 =2.21 cm) has age (41.62 + 1.79
years) and height (22.35 = 0.97 m) in the study area. The relationship between diameter and age was (y =0.8071x
+ 3E-14; R?2=0.99) and between diameter and height was (y = 0.4165x + 0.4743; R? = 0.88) respectively

(Fig. 7).

The total standing carbon stock of planted P. roxburghii forest was (59.86 +8.62 t C ha!) with the highest value
for the diameter (41-60 cm) (Fig. 8). As the diameter class interval shifted from lower to the higher class, all carbon

stock forms, including live tree, forest floor and soil, increased significantly with the highest total carbon stock

value (29.89 £+ 4.63 t C ha'!) for diameter class (41-60 cm).
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Figure 8. Carbon stock distribution pattern for three diameter classes of planted P. roxburghii forest. TLTCS = total live

tree carbon stock, TFL&DCS = total floor live and dead carbon stock, TSCS = total soil carbon stock, TCS = total carbon stock

Discussion

In the present study, through investigating young planted P. roxburghii forest find out that stem density was
maximum (166.11 +21.63 trees ha) for the diameter class (23-40 cm) and was minimum (33.89 + 5.89 trees ha™!)
for diameter class (41-60 cm) as the diameter increases the stem density per hectare decreases significantly (R2 =
0.54); which means that increased tree diameter results in the decrease of stem density (Nizami, 2012). The young
planted stand volume has a positive association with the diameter with the highest volume (16.69 = 4.64 m? ha

) for the diameter class (41- 60 cm); as the diameter increase, the stand volume increased significantly (Amir et
al., 2018).
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Association between tree age and diameter was observed positive linear (R? = 0.99); our findings are in contrast
with Siddiqui et al. (2013) that for conifer species age and diameter have significant association, and relationship
between diameter and height was also observed positive linear (R? = 0.88) (Fig. 7), this finding is in line with the
findings of Khan et al. (2016).

The current research found significant variation in the living tree biomass for three diameter classes of planted
P. roxburghii forest. As the diameter increases with age, live tree biomass carbon of planted P roxburghii also
increases gradually. These findings are steady with Cao et al. (2012) and Li et al. (2013) that stand age/diameter

effect the tree biomass carbon significantly.

With the increase in diameter, the overall tree growth variables effects significantly, i.e., in current studies, we
found that out of three diameter classes, the highest diameter class (41-60 cm) has the highest values for basal area
(14.19 £ 3.67 m? ha'!), volume (16.69 + 4.64 m? ha'), total tree biomass (12.76 + 1.43 t ha!) and total live tree
carbon stock (19.14 + 2.15 t C ha!). Recent studies are also in contrast with our findings increasing carbon stock
throughout the different growth periods of trees (Peichl and Arain, 2006; En et al., 2012).

Trees can impact the heterogeneity and distribution of understory vegetation (Svenning and Skov, 2002). Due
to its impacts on micro-environment, humus layer decomposition, soil moisture and forest management practices,
forest stand configuration such as tree age and tree density has a high impact on understory vegetation. In every
forest biome, the carbon content varies with different variables, such as decomposition rate, maintenance practices,
tree types, and litter fertility (Kang et al., 2006).

In the below-ground biomass, we found out that grasses cover decreases with the increase in diameter class/age
while litter and dead wood deposits accumulation increased significantly with the increase of diameter class/age. It
could be because an increase in diameter, causing the increase in tree height and canopy, ultimately enhances
natural pruning and shredding of leaves, due to this forest floor covered with dead leaves and wood, stopping the
growth of grasses. This finding is inconsistent with the finding of Ming et al. (2014) that an increase in diameter
ultimately increasing litter productivity.

The observed carbon stocking pattern for three different diameter classes was as follows: live tree > Soil >
forest cover (Fig. 8). Our result is in association with (Amir et al., 2018) that living trees absorb and distill more
carbon than some other foliage forms. Comparing SOC with forest biomass is very difficult (Laganiere et al., 2010)
since SOC can be influenced by different variables, such as standing age, tree types, the form of forest,
environment, and chemical and physical properties of the soil (Mora et al,

2014; Wang et al., 2014).

As compared to deeper soil, the soil carbon was recorded higher in the topsoil of each diameter class stand. It
may be attributed to SOC’s development by decomposing the root system and litter that first reached the topsoil
near the ground, as other studies have shown (Zhang et al., 2012). There was a negative correlation of soil carbon
with different diameter classes at various depths, as soil carbon values tend to decline in depth. Furthermore, with
the increase in diameter, the soil carbon value significantly increased; our results are in line with the findings of

(Amir et al., 2019) that with the relevant stand diameter and soil depth, the mean soil carbon showed a decrease.

Our study showed an increasing trend of soil carbon for different diameter classes as the highest value of SOC
was obtained for the highest diameter class (41-60 cm). Besides this, litter and dead wood deposits were also
recorded significantly high for the highest diameter class; Due to the deposition of organic matter in higher diameter
stand, soil organic carbon typically increased with the stand age in conifer forest (Liet al., 2013). According to facts
and figures, our hypothesis sustained that young afforested plantations are also vital sources to sequester the carbon.
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Global warming is one of the main issues for the current century, mainly caused due to greenhouse gases; for
the reduction of greenhouse gases, there is a need to increase and enhance the sinks in biomass (Zhao et al., 2014).
Moreover, the simplest and the best way is to plant trees; so, the afforestation could be the critical step to control
global warming (Sharma et al., 2011; Misir et al., 2013). To minimize atmospheric CO2 emissions by sequestering
carbon in soils, afforestation, and reforestation have been seen as necessary (Smal and Olszewska, 2008). While on
the other side, afforestation can also play a pivotal role in increasing the forest area and ultimately result in mitigating
the global warming issue by sequestrating more carbon contents in the form of the living tree, forest floor cover and
soil; this idea is agreed with the proposed suggestions of the (Watson, 2000). So, planting trees is much better than
planting nothing; increasing forest area is an effective way to reduce elevated atmospheric carbon (Taylor et al.,
2007); as the tree increases its diameter, absorption capacity increases (Huy and Tuan, 2008). The mountain ranges
of the Karakorum-Hindukush region in northwest Pakistan has great potential to sequester and sink atmospheric

carbon dioxide.

Limitations and uncertainties

This research was performed using a field inventory approach to investigate biomass and carbon distribution
trends through the planted P. roxburghii forest in Pakistan. For the whole stem (above ground) biomass calculation,
we used fixed BEF value 1.51 following (IPCC, 2006). We used a root to shoot ratio (R) of 0.19 (Amir et al., 2018).
These values may vary with stand diameter/age; the present estimates of carbon allocation along the planted P
roxburghii may hold some qualms, which might tempt errors in carbon stock assessment along the diameter.

Conclusion

The present study showed a correlation between diameter and different tree growth factors and soil; as the
diameter increases, all the mentioned factors increased significantly in a positive linear manner. There is a slight
association of forest cover (grasses, litter and deadwood) with the diameter with the increase in diameter litter and
deadwood accumulation increases while grasses cover decreases. Overall, the average carbon stocking values
demonstrated the significant capacity for biomass and carbon sequestration during stand growth in the planted P.
roxburghii. We further concluded that the proper management, increasing afforestation of bare land, and increasing
vegetation cover in the region could increase carbon sequestration potential in the future. The conducted study may
provide guidelines for managing pure planted P. roxburghii forest to enhance annual carbon potential based on
growing and structure unique relationships. Current research has revealed that afforestation practice played an
essential role in carbon sequestration, the amount of sequestration could be increased furthermore by adopting mixed
forest stand, and for this purpose, Quercus spp could be used. Therefore, we strongly recommended that forests

consider rehabilitation and sustainable management for forest restoration and conservation.
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APPENDIX

Table Al. Data of sampling plots (with reference to Figure 1)

Plot no Elevation (m) Latitude Longitude Tree density Slope Aspect
1 1180 34.971 72.21 20 44% Eastern
2 1222 34.947 72.206 43 58% Northern
3 1232 34.912 72.174 11 60% Southern
4 1229 34.883 72.274 13 60% Southern
5 1193 34.855 72.179 33 52% Northern
6 1148 34.882 72.204 24 34% Northern
7 1231 34.923 72.279 36 54% Northern
8 1274 34.928 72.236 15 78% Eastern
9 1286 34.84 72.248 10 56% Southern
10 1273 34.847 72.269 21 7% Western
11 1191 34.799 72.236 18 37% Eastern
12 1235 34.765 72.24 26 50% Northern
13 1259 34.798 72.28 28 63% Northern
14 1294 34.799 72311 31 51% Southern
15 1348 34.831 72.323 25 80% Northern
16 1390 34.819 72.366 8 84% Southern
17 1376 34.832 72.416 19 7% Western
18 1301 34.872 72.357 24 80% Eastern
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